) and Alberman E. The effects of own fetal growth on reported hypertension in parous women aged 33. International Journal of Epidemiology 1997; 26: 562-570. Background. Data from the study of the British 1958 birth cohort, National Child Development Study (NCDS), has allowed wider investigation of the relationship between retarded fetal growth and risk of adult hypertension. Methods. A history of self-reported hypertension was related to fetal growth in 3308 parous cohort members. Fetal growth, the measure used, is the difference in actual birthweight from that expected for the gestational age and subsequent adult height. The relationships were investigated both linearly and non-linearly adjusting for potential confounders. Results. After adjustment for confounding factors, including adult weight for height, retarded fetal growth was associated with reported hypertension particularly when not confined to pregnancy. The latter was also associated with accelerated fetal growth, moderate or severe hypertension in the mother when pregnant with the cohort member, being relatively taller than your mother, and lack of educational qualifications. Hypertension confined to pregnancy was more likely among women who were themselves firstborn or older at childbirth. Neither maternal smoking during cohort's gestation nor cohort member's gestational age had a significant effect. The results are consistent with previous reports that fetal growth effects are less marked if gestation is short. Conclusions. The relationships between fetal growth and subsequent hypertension are extremely complex and variable, and need to be studied allowing for deviations from growth potential. Adult weight for height remains the strongest predictor of hypertension. The results suggest that losing weight is likely to have the same proportional benefit in women with and without a history of retarded fetal growth.
Low birthweight and being 'small-for-dates' have been repeatedly shown to be associated with small increases in adult blood pressure, 1,2 although there have been discrepant findings in regard to the shape of the relationship. Martyn and Barker 3 report it present throughout the range of birthweight. Others find a non-linear relationship, 4, 5 with raised blood pressure in heavier as well as lighter babies. Leon 5 shows a relationship with taller adults of low birthweight.
There have been no previous reports of the relationship of fetal growth with hypertension of pregnancy and few have shown significant relationships with adult clinical hypertension. 6 The present study makes use of the British cohort of one week's births in 1958 (National Child Development Study) to clarify the nature and shape of the relationships of fetal growth to subsequent self-reported hypertension both during and outside pregnancy, in parous women aged 33, after allowing for potential confounding factors.
A difference between actual and expected birthweight adjusted for gestational age is one proxy measure for less than optimal growth, although this does not allow for individual's genetic potential. Attained adult height, which is known to be associated with birthweight, may be a useful input to this genetic potential. This may be illustrated by comparing the fetal growth, relative to potential, of two term babies of 3000 g one of which attained a height of 5 ft and the other 6 ft.
of 7, 11, 16, 23 and 33 in 1991 . At the last sweep 73% of the original cohort members responded, excluding those known to have died or emigrated. This represented an 85% response rate of those traced.
Inclusions and Exclusions
For the purpose of this paper only single born parous women with single first births were included and then only if their own gestational age had been 31 weeks or more, and with complete data on the variables found significant in the analyses (listed in Table 3 ). This reduced the number of eligible women from 4276 to 3172. Because the analysis is within, and not between, families, missing data is unlikely to bias the results. It is known that low social class and those with low educational qualifications were underrepresented in those followed up, so that any relationships with these may lack statistical power.
Ascertainment of Hypertension
In 1991, the cohort members were asked at interview 'have you ever had hypertension?' There were three possible answers: 'yes', 'only in pregnancy', or 'no'. Of the 3172 women, 182 answered 'yes', 235 said they had had hypertension only in pregnancy, and the remaining 2755 said they had never had hypertension. Although self-reported, the results were consistent with the prevalence of measured hypertension and associated factors in similar age groups of women. 8, 9 Parous women will have been in frequent contact with health professionals and the participants with poor recall are more likely to have been excluded from the study than those with good recall. Since this was a cohort study, the other available data derived from questionnaires and examinations at one or more of the previous four sweeps, is relatively reliable.
Variables Tested for Association with Hypertension
The variables tested for an association with reported hypertension are given in Table 1 , together with their derivation. These comprise most of the factors thought to affect fetal growth or adult hypertension. Gestational age was calculated from the date of the last menstrual period recorded at the first antenatal visit and again at birth. Ultrasound was not available in 1958.
Fetal Growth
The main predictor variable, labelled fetal growth, can be described as the difference in birthweight from that expected for the average fetus of that gestation and subsequent adult height and is used as a proxy for difference in birthweight from the genetic potential given gestational age. It is calculated as birthweight minus smoothed mean birthweight for the gestational age, regressed on adult height. The birthweight was recorded at birth, and height was measured in 1991 and self-reported in 1981. Table 2 shows that attained height explained more of the variance of birthweight than any other weight or height measure associated with birthweight. The final adjustments to the cohort members birthweight to obtain a measure of fetal growth did not include factors likely to be associated more directly with growth retardation than with genetic potential, i.e. their mother's smoking habit during the 1958 pregnancy. Possible effects of such measures were included in the analysis.
Cohort Members Adult Weight and its Adjustment
Adult weight is an important confounder in analyses of hypertension. It was used in the form of 'adjusted weight' as a measure of fatness, defined as the residual of adult weight regressed on adult height (both measured at age 33). This was another variable which is associated with absolute birthweight and was not used in the construction of a measure of fetal growth.
Statistical Analysis
The effects of fetal growth and adjusted weight on hypertension were investigated categorically, linearly, and by fitting curves. Multiple logistic regression (where necessary using fractional polynomials 10 ) was used to adjust for potential confounders. STATA 11 was used for all other analyses.
Analysis using a binary outcome, e.g. hypertension or no hypertension, compared with that using a continuous variable, e.g. systolic blood pressure, may give apparently different results. For the former a unit change, e.g. in adult weight, will show a multiplicative effect on the risk of hypertension when using logistic regression. For the latter the effect will be additive when using linear regression. Thus when adult weight, which is a strong confounder of the relationship between fetal growth and adult blood pressure, is included in the analyses, interactions between fetal growth and adult weight may occur with the continuous outcome but not with the binary one, or vice versa. Analysis using categories of fetal growth and adult weight may seem to get round this problem but the effect of adult weight is so strong that there could be confounding within a weight category and interpretation may be difficult. Table 3 shows the univariate associations with the risk of hypertension confined, or not, to pregnancy. The strongest OWN FETAL GROWTH AND HYPERTENSION associations were with: the adult weight adjusted for height of the cohort members, where an increase equivalent to one standard deviation increased the odds of hypertension confined to pregnancy by a factor of 1.5, and other hypertension by a factor of 1.8; the cohort member being the first rather than later born but only for the risk of reported hypertension confined to pregnancy (odds ratio [OR] = 1.7); being without educational qualifications for the risk of hypertension not confined to pregnancy (OR = 1.8); and moderate or severe hypertension experienced by the mother during the gestation of the cohort member but only for hypertension not confined to pregnancy (OR = 1.7). Since these are only the univariate relationships, confidence intervals are not given. As might be expected, maternal age at birth, partner's occupation, smoking and height were also found to be associated with educational qualifications; and mothers' weight in 1958 and age at menarche to be associated with the cohort member's adjusted weight. Table 4 shows those associations with hypertension which were shown to be independent of related effects. Fetal growth was classified in one of two ways: first in five groups as shown in the Table, and then as a binary variable i.e. р1.5 standard deviations below the mean versus the remainder. For 'outside pregnancy' adjusted for adult weight for height, difference in height of cohort member and mother, and no qualifications. For 'only in pregnancy' adjusted for adult weight for height, age at first pregnancy and birth order. Both groups contain only cases with no missing data for all these variables. This model shows that fetal growth of Ͻ1.5 standard deviations below the mean was significantly associated with both forms of reported hypertension, both compared with all other cases and with a reference group of within ± 0.5 SD from the mean. This was after adjusting for the other associated variables (see footnote). The effects of cohort member's adjusted adult weight remained the most strongly significant after other adjustments.
RESULTS

Univariate Relationships
Factors Independently Associated with Self-reported Hypertension According to Logistic Regression Models
Additional independent associations with hypertension not confined to pregnancy were a history of moderate or severe maternal hypertension in the 1958 pregnancy; cohort members being taller than their mothers, and the lack of any educational qualifications.
Other significant associations with reported pregnancy hypertension were if the cohort member was herself first born, and with age at her first pregnancy, the risk increasing with increasing age.
Only fetal growth had significantly non-linear effects (P = 0.012 quadratic versus linear; P = 0.046 quadratic versus baseline), and this only with hypertension not confined to pregnancy. However for hypertension only in pregnancy, the binary measure of fetal growth, had the smallest P-value (P = 0.024) and may describe the relation best. The shape of the relationships can be seen at the top of Table 4 where adjusted OR for categories are shown relative to those whose fetal growth is within ± 0.5 SD of the mean value.
Cohort member's own gestational age was not significantly associated with either form of hypertension although the OR were typically of the order of 1.05 per week univariately and multivariately i.e. earlier births were at slightly lower risk although for this analysis births under 31 weeks had been excluded. Table 5 shows the simple relationships between hypertension not confined to pregnancy, for fetal growth and adult weight adjusted for height. Women of normal weight (± 1 SD from the mean adjusted weight) have risks of hypertension not confined to pregnancy which range through 9.9%, 5.6%, 3.3%, 5.1% and 6.2% when going from the lowest to the highest fetal growth. For the smaller number of women heavier than one SD above mean adjusted weight at age 33, the proportions were substantially higher but did not show an increase with greater birthweight. In the 'thin' women, with adjusted adult weights below one SD from the mean the proportions were lower, but there was a small increase where the birthweight for gestational age had been more than 1.5 SD above the mean. This underlined the necessity for looking for non-linear relationships. The risk of hypertension confined to pregnancy (not shown) were more straightforward, rising consistently with increasing adjusted adult weight and raised for those of low fetal growth.
Self-reported Hypertension Outside Pregnancy and Adjusted Birthweights and Adult Weights
Effect of Correcting for Adult Height in a Measure of Fetal Growth
The variable fetal growth, which includes an adjustment for adult height, had stronger and more significant associations with both types of hypertension than did the similar variable, birthweight adjusted only for gestational age. For each type of hypertension, two models each with one of the two measures of difference from potential growth, were compared. All models also included the other relevant significant variables in Table 4 (5) 0% (5) - (0) 0% (2) a In terms of standard deviations from the mean adult weight adjusted for height. b In terms of standard deviations from mean fetal growth (adjusted for gestation and subsequent adult height). c Ͻ-1.5 SD equivalent to Ͻ-632 g from mean; -1.5 to -0.5 SD equivalent to -632 to -422 g from mean; -0.5 to 0.5 SD equivalent to -422 to +422 g from mean; 0.5 to 1.5 SD equivalent to +422 to +632 g from mean; Ͼ1.5 SD equivalent to Ͼ+632 g from mean.
and their mothers. The difference between the models was almost significant (P Ͻ 0.1) both for sets of hypertension. For pregnancy hypertension each binary adjusted birthweight variable had its cutpoint at 1.5 SD below its mean. Adult height was then added to the models. The effect is small and not significant, especially when restricted to those of below average fetal growth. For those of above average fetal growth, neither adjustment for adult height nor adult height on its own made any difference to the models. This suggests that for below average fetal growth the effect of height is predominantly working through its relationship with retarded fetal growth. Table 6 shows the adjusted OR separately for the two categories of above and below average fetal growth. The effects of adjusted adult weight and age at first birth are independent of fetal growth whereas the effects of no qualifications seem stronger in those of above average fetal growth. There is a hint that the effect of difference in height is stronger in those of above average fetal growth, and that of being first born is stronger amongst those of lower fetal growth.
The Effect of Being Above or Below Average Fetal Growth on Significant Factors
DISCUSSION
The findings of this birth cohort study confirm again the reported association of retarded fetal growth with subsequent hypertension. The outcomes used in this analysis were self-reported hypertension outside and only in pregnancy. The association was found to be more marked in those reporting hypertension outside pregnancy. To our knowledge this is the first report that indicates a possible association between fetal growth retardation and subsequent pregnancy hypertension. Moreover the data used is unusually rich, being based on a well-documented birth cohort where the cohort members and their families had been contacted five times after birth. Self-reported outcomes were used in the absence of blood pressure measurements. The sample selected for study was restricted to cohort members who had had at least one birth, on the assumption that such women would almost certainly have had blood pressure measurements ante and post-natally. The validity of the self-reported hypertension was supported by the similarity to previous reports of self-reported and measured hypertension in women of similar age, 13% reporting ever having had hypertension, compared with 15.8% among 32-38 year old women in the Health and Lifestyle Survey. 8 These surveyed women had a measured point prevalence of 4%. No measure of age-specific hypertension is available from the present study. Validity is further supported by the expected close association with the weight of the cohort members, and with maternal hypertension measured in the 1958 pregnancy.
The findings here suggest that the association between blood pressure level and adjusted birthweight measures seems more complex than many previous reports have indicated. It is a priori unlikely that the relationship between fetal growth and hypertension would be linear throughout the range of fetal growth or birthweight. Table 4 ). † P Ͻ 0.1, * P Ͻ 0.05, ** P Ͻ 0.01, *** P Ͻ 0.001.
Variability amongst those of below average fetal growth is more likely to reflect fetal growth retardation than amongst those of above average fetal growth. It is therefore not surprising that in this paper, as in others on this topic, the linear relationship found did not extend to those of high fetal growth or birthweight. The more closely the definition of fetal growth reflects relative retardation the stronger the relationship should be between that measure and subsequent hypertension. Measures of adjusted birthweight can only be a proxy for the individual's difference from potential birthweight. Using adult height to adjust birthweight was an attempt to obtain a closer proxy for this difference. Here using the adult height in our defined measure of fetal growth strengthened the association of retarded fetal growth with self-reported hypertension. This may imply that its inclusion provides a better proxy measure.
The two mutually exclusive hypertension groups considered in this paper were compared with the women who had reported no history of hypertension. The two groups were: those mothers whose reported hypertension was not confined to pregnancy and those for whom it was. The former group is likely to include some women with the more severe pregnancy hypertension who would have had hypertension at other times. This may account for some of the differences between the two groups. In both hypertension groups, after adjustment for maternal weight and the other factors shown in Table 3 , a significant association was found with fetal growth retardation, although the effect was weaker in the 'inside' pregnancy group.
There were however some differences in the factors associated with the two categories of hypertension. Increasing maternal age at first birth increased the risk of hypertension confined to pregnancy, but had no effect on the remaining hypertensive group. Intriguingly, mothers who were themselves first-born were more likely to have hypertension confined to pregnancy. In contrast, lack of educational qualifications; moderate or severe maternal hypertension in the 1958 pregnancy; and a relative increase in the difference in height between daughters and their mothers were all significantly associated with hypertension not confined to pregnancy.
Although birthweight and adult weight for height are positively associated, each has independent effects on the risk of hypertension. The results in Table 4 show little evidence of interaction, on a multiplicative scale. The consequence of this is that if the effects of weight on hypertension are reversible, a successful programme of weight loss amongst hypertensives will give each woman a similar chance of becoming normotensive whatever her own fetal growth, although there would be proportionately more hypertensive women of retarded fetal growth.
The data shows that accelerated fetal growth and being taller than one's mother both increase the risk of hypertension not confined to pregnancy. Because the effect of height difference was stronger in those of above average fetal growth the effect was more likely to be acting through some mechanism of accelerated growth. The implication is that accelerated or excess growth also has an effect on the risk of hypertension, although neither had any effect for pregnancy hypertension alone. Earlier menarche which might indicate relatively rapid pre-pubertal growth, was only univariately associated with increased risk and that was probably because of the associated higher adjusted adult weight.
In summary this study adds to and strengthens previous results regarding the relationship between adult blood pressure and retarded or accelerated fetal growth, and shows that retarded fetal growth increases the risk of pregnancy hypertension. The implications for the analysis of any future studies using birthweight are that where possible subsequent adult height should be included in calculations of fetal growth and that it may be sensible to analyse separately for those of above and below average fetal growth.
